A rapid transition across time zones leads to the transient appearance of a number of undesirable side effects, collectively known as "jet lag". [1] [2] [3] [4] [5] [6] [7] [8] They include: difficulties with initiating and maintaining sleep during the new night time by local time; a general fatigue and loss of motivation and the ability to concentrate in the new daytime; decreased interest in food and loss of appetite; altered bowel function. These effects are attributed to a transient desynchrony between the new local time and the endogenous circadian oscillator, the "body clock". In a previous set of studies, 9 we investigated the relations between these variables in a group of subjects who had flown from the United Kingdom to Australia (10 time zones to the east).
We now consider variables that may predict the extent of the difficulties experienced by the subjects who had undertaken this journey. The subjects included elite athletes (preparing for the 2000 Olympic Games in Sydney), their coaches and other officials of "Team GB", and academics attending a scientific conference on sport. They varied considerably in their age, self rated fitness, and tasks once in Australia, but all had busy schedules.
Evidence from the literature on possible predictors is comparatively scarce (but see Kerkhof 10 and Harma 11 for reviews), and few field studies of this area appear to have been carried out. Those studies that do exist indicate that there may be more difficulties for women, because of irregularities of the menstrual cycle, 12 13 and that older travellers may be at a disadvantage compared with younger ones. 14 15 Laboratory studies and theoretical considerations also suggest that older subjects and those whose habits are more rigid, or who are less able to ignore feelings of fatigue, may be at a disadvantage. [16] [17] [18] In addition, if the body clock were to adjust from United Kingdom to Australian local time by an advance of the circadian system (+10 hours), the advantage would be with the "morning type" or "lark". [19] [20] [21] In practice, however, the position would be more complex if it depended on some aspects of the flight itself (time of departure from the United Kingdom and arrival in Australia), the subject's experience of such a journey, and activities once in Australia. As an example of this last possibility, it may be that the elite athletes would be far less prepared than other subjects to allow jet lag to undermine such an opportunity.
Taking all these possibilities into consideration, the following possible predictors of jet lag and its associated symptoms have been considered. For each, we outline also a possible interpretation of any significant and reliable predictive power that may be found.
• Sex. Differences may be related to problems with the menstrual cycle (see above) or to a "macho" image.
• Age. Older subjects may be less flexible or they may be better able to "pace themselves".
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• Chronotype. "Morning types" would have less difficulty in phase advancing their body rhythms than "evening types", and vice versa, if adjustment were by phase delay. 20 22 • Flexibility v rigidity of sleep habits and languidness v vigorousness. Immediately after arrival in Australia, normal patterns of sleep and activity will have been disrupted by the flights, and the effects of this will continue for some days until phase adjustment of the body clock has taken place.
Those with greater flexibility of sleeping habits and those who can throw off feelings of fatigue during the daytime would be at an advantage. 16 23 • Fitness. Several studies [24] [25] [26] [27] indicate that increased physical activity enables travellers to adjust more quickly to an altered sleep-wake schedule or maintain a robust restactivity rhythm. Although this observation predicts that athletes would suffer less from jet lag and its associated symptoms than non-athletes, the fact that the schedules of the athletes are more rigorous and they place such a high priority on top grade performance may mean that they would notice smaller decrements more and would be more anxious about them.
• Experience of travel to Australia. The behaviour of those who have travelled to Australia previously and know at first hand the kind of problems entailed may differ from those travelling to Australia for the first time, for whom any such difficulties may be less important than the new experiences that the trip offers.
• Time of arrival in Australia. The flight to Australia from the United Kingdom (with a one hour stopover in Singapore, taking a total of about 24 hours) left in the morning or evening. After a morning departure from the United Kingdom, subjects would arrive in Australia in the afternoon, on local time, and would first go to sleep at night after having been awake for about 30-35 hours. The flight before the stopover would have coincided with daytime in the United Kingdom, and the flight after the stopover would have coincided with daytime in Australia-that is, much of the flight would have been in daylight hours. By contrast, those departing from the United Kingdom in the evening would arrive in Australia early in the morning (about 0600). Subjects may take a nap on arrival at their hotel but, by the time that they would next go to bed at night, it would have been about 50-55 hours since their last full sleep in the United Kingdom. The flight before the stopover would have coincided with United Kingdom night time, and the one after it would have coincided with night time in Australiathat is, much of the flight would have been in darkness.
• Direction of adjustment. If, on arrival in Australia, the body clock is still adjusted to United Kingdom time, minimum mental and physical performance would occur at about 1500 local time, corresponding to 0500 United Kingdom time. It can be estimated that a phase advance of the body clock of 10 hours and a phase delay of 14 hours would both take about seven days to achieve. 28 Whether an advance or delay took place would depend, at least partly, on the lightdark exposure of the subject in Australia. 6 Light until about 1300 local time would promote a phase delay of the body clock, and light after about 1500 local time, a phase advance. If adjustment were by phase advance, the time of worst performance would, over the course of several days, advance through the afternoon and then through the morning; this may be very noticeable to a person trying to perform efficiently during the daytime. By contrast, if adjustment were by phase delay, then the time of worst performance would delay through the afternoon and then through the evening; in this case, the decrement may be less noticed after a few days when it became coincident with evening relaxation. In practice, more than one of the above variables may act as a significant predictor, and different predictors may be more important at different stages of the process of adjustment. For example, effects related to the flights themselves would be most pronounced in the first day or so in Australia, whereas those associated with the direction of phase adjustment may become more apparent only after a few days.
In summary, we have investigated the value of several variables as predictors of the severity of jet lag and its symptoms in a group of subjects who shared a high motivation to perform as well as possible, and who had flown from the United Kingdom to Australia, an eastwards flight across 10 time zones.
METHODS

Subjects
Eighty five subjects were studied in total, of whom 54 were men. For the purposes of analysis (see below), men were given a score of 1 and women a score of 0. The mean (SEM) age of the subjects was 32.1 (13.0) years. Fifty one were athletes, 18 trainers or administrators, and 16 were academics attending a scientific conference on sport. It will be noted that previous studies have tended to use mainly academics or sedentary travellers.
Before taking part in the study, all subjects had the aims and procedures explained to them. Any questions they had were then answered, and they signed consent forms. The protocol had been approved by the home institution's human ethics committee.
Data collection before departure from the united kingdom In the weeks before departure, the following data were collected.
(1) Personal data. Apart from the information summarised above, subjects were asked to state if they had previously flown to Australia. If they had, they were given a score of 1; if not, a score of 0. They were also asked to record details of their forthcoming flights. In total, the flights took about 24 hours. About one third of the subjects left the United Kingdom in the evening (local time) and arrived in Australia in the early morning, about 0600 (local time); they were called group 0 and given a score of 0. The rest of the subjects left the United Kingdom in the morning and arrived in Australia in the late afternoon; they were called group 1 and given a score of 1.
(2) Fitness. This was estimated from a questionnaire, 29 and took into account the age of the subject. A score between 1 (least fit) and 5 (most fit) was awarded. (3) Chronotype. This was estimated by the Composite Morningness Questionnaire of Smith et al 30 ; the higher the score, the greater the degree of "morningness". The results from this questionnaire indicated that seven subjects were "morning type", one was "evening type", and 77 were "intermediate type".
(4) Languidness/vigorousness and flexibility/rigidity of habits. These were estimated from the Circadian Type Inventory of Folkard et al. 16 In each case a score was given, and the higher the score, the greater the amount of languor or flexibility of habits respectively. Table 1 gives a summary of the personal information and results from these questionnaires.
Data collection during the flights
In all cases, there was a stopover of about one hour in Singapore, and the total time spent travelling was about 24 hours. During the flights, subjects were free to choose how they spent their time. Apart from those on the first flights associated with this study, subjects were required to keep a record of the amount of time spent asleep, both before and after the stopover. A total of 32 subjects from group 0 and 25 from group 1 carried out this part of the study.
Subjects who left the United Kingdom in the evening arrived in Australia at about 0600 by local time; those leaving the United Kingdom in the morning arrived in the afternoon by local time. Many of those arriving in the early morning had a brief nap on arrival at their hotel, but they had been advised against having a full sleep at this time (even though it coincided with night time in the United Kingdom). This was because a long sleep at this time might act as an "anchor sleep", 31 although the subjects were told that it was because a long sleep would decrease the possibility of sleeping well their first night in Australia.
Data collection after arrival in Australia
Data were collected for the first six days in Australia, defining the day of arrival as day 1; for those subjects who did not arrive until the afternoon (see above), this meant that results from the early part of day 1 were missing. The first nocturnal sleep in Australia (which took place at the end of the arrival day) was called day 2, because questions about it were answered at the beginning of the second day; for this reason, sleep was recorded only from day 2 to day 6.
There were two types of data collection: responses to the questionnaire on jet lag and its symptoms, and measurements of tympanic temperature (Genius 1000, Sherwood, Nottingham, UK).
Jet lag
A questionnaire for studies in the field of jet lag and its associated symptoms has been developed, and details of this have been published previously. 9 32 Briefly, subjects responded to a series of questions, using visual analogue scales. The responses to questions about the following were analysed in this study: the amount of jet lag; the amount of fatigue; sleep (the time of getting to sleep, the ease of getting to sleep, the ease of staying asleep, the time of waking up, alertness 30 minutes after rising); meals (hunger before a meal, enjoyment of the food, satiety after the meal); bowel function (frequency of movement, looseness of the faeces).
Most of the visual analogue scales had the same format, namely a line divided into 10 parts with the centre being labelled 0 and the extremes, +5 and −5. In addition, these three points were labelled with brief descriptions of the sensations to be associated with them, from "much less than normal" (−5), through "normal" (0) to "much more than normal" (+5). Modifications to this general scheme were as follows: for jet lag, the extremes of the scale were labelled 0 (no jet lag) and 10 (very severe jet lag); for times of retiring and rising, the extremes were −5 (much earlier than normal) and +5 (much later than normal), with 0 (normal) in the centre; for satiety, the extremes were −5 (still very hungry) and +5 (very bloated), with 0 (normal) in the centre.
Not all questions were given at each test time. The times when the subjective assessments were required were as follows: jet lag, 0800, 1200, 1600, 2000, 2400; sleep, 0800; fatigue, 0800, 1200, 1600, 2000, 2400; meals, 1200, 1600; bowel activity, 2400.
Before the journey, subjects were shown the questionnaire so that they could become familiar with its contents and the way to record their answers. Specific advice about the meaning of jet lag or any of the other questions in the questionnaire was not given.
Tympanic membrane temperature
Tympanic membrane temperature was used as an estimate of core body temperature and the phase of the body clock during the first six days in Australia. The temperature was measured in subjects seated indoors on three to five occasions a day, these being spread as evenly as possible throughout the waking period, subject to the activities of the subject. Measurements were not taken if the subject had been exercising during the previous 30 minutes, to minimise the direct effect of activity on core temperature. 33 Calculations and statistical analyses
Direction of phase adjustment
The tympanic temperatures from each day were cross correlated with normative data for the circadian rhythm of core temperature obtained from the literature. 5 The shift of the subject's temperature rhythm on each day was assessed by finding the shift of the temperatures that gave the highest positive correlation with the normative data. Consideration of all six days enabled a decision to be made as to whether adjustment of the circadian rhythm of core temperature to Australian time had been by phase advance or delay. This assessment was performed independently by two of the authors (BE and SC). Shifts were recorded as +1 (an advance), −1 (a delay), or 0 (where the record was too irregular for the direction to be assessed with confidence). Table 1 includes a summary of the direction of shifts of all subjects.
Assessment of predictors
The analysis consisted of treating the variables measured in the jet lag questionnaire as dependent (outcome) variables, and performing a backwards stepwise multiple regression analysis starting with nine potential predictors (see table 1 ). The potential predictors included continuous and nominal variables.
Continuous variables were age and the scores for chronotype, languidness, flexibility, and fitness. Any significant positive or negative associations identified in the regression analysis are denoted by + or − respectively in table 3.
Nominal variables were sex, experience of flying to Australia, flight arrival time (morning or afternoon), and direction of phase adjustment (advance or delay). These nominal or categorical variables were entered as [0,1] indicator variables. The baseline group (allocated a 0 in each of the nominal indicator variables) was the female subjects who had no previous experience of flying to Australia, who arrived in Australia in the morning, and whose direction of phase adjustment was too irregular to be assessed. All other groups (allocated a 1 in each of the indicator variables) were compared with the baseline group. Any significant positive or negative differences from the baseline identified in the regression analysis have been denoted by + or − respectively in table 3.
The analysis was performed separately for each variable, for each day, and, if applicable, for each time of day. Therefore the number of regression analyses carried out was: bowel activity: 2 variables × 6 days × 1 time = 12.
Other calculations and statistics will be described as required.
RESULTS
The amount of data lost during the time in Australia, mainly because of not being able to sample tympanic membrane temperature, was small. The high success rate in obtaining data was due largely to the presence of four of the authors (BE, RG, RR, and TR), who took the tympanic temperatures and reminded the subjects that it was time to fill in their record cards. Table 2 summarises the results from the records of sleep during the flights. Subjects in group 0 took about twice as much total sleep as did those from group 1 (about eight hours compared with four hours respectively); this difference was highly significant. When the amounts of sleep in the flights before and after the stopover were considered separately, then there was no significant difference between the two groups in the second flight, but a considerable difference in the first one, group 0 having nearly four times the amount of sleep taken by group 1. It will be noted that the first flight for those in group 0 was taken during the United Kingdom night time (Australian daytime), and the second flight, after the stopover, during the United Kingdom daytime (Australian night time). By contrast, the first flight for group 1 coincided with the United Kingdom daytime (evening and early night in Australia) and the second, with night time in the United Kingdom (the latter half of the Australian night and daytime).
Sleep during the flights
Measurements made in Australia
When all the regression analyses were considered together, it was noted that the explained variance of each jet lag symptom, identified by the maximum R 2 criterion, tended to decrease in size with the number of days spent in Australia. This is to be expected as the amount of jet lag and its symptoms has been shown previously to decrease over this period of time. Table 3 shows the results for the regression analyses. This table includes, for each dependent variable, only those predictors that had a significant effect on at least two occasions in the same direction. We draw attention to the following results.
(1) Jet lag. This was less evident about the middle of the day and at about the time of retiring in older subjects. Considering a difference of 26 years (from 1 SD below the mean age to 1 SD above it), the effect of age was estimated to be a decrease in jet lag of 1.0 unit at all times. There was also some evidence to suggest that jet lag was felt to be worse in the fitter subjects and in those who had made the journey before. A consistent effect was for jet lag to be less in those who had arrived later in the day, this effect being present at all times of the day except on retiring, both in the first two days after arrival and again on the fifth and sixth days. Also on these last two days of measurement, particularly on rising and at noon, jet lag was worse in those who adjusted by phase advance.
(2) Sleep. There was a slight effect of sex, men tending to go to sleep later. There was also an effect of flexibility of sleeping habits on the ease with which subjects got to sleep and were able to stay asleep, these being greater in subjects who had scored lower on the flexibility/rigidity questionnaire. More consistent effects on the time of retiring on the first few nights in Australia were observed in subjects who had arrived in the late afternoon and/or had not flown to Australia before. Those arriving later in the day went to sleep later, as did those for whom this was the first time in Australia. (3) Fatigue. Men suffered less from fatigue in the first two days after arrival, and there was some evidence to indicate that both those who had flown to Australia before and those who had arrived in the morning showed more fatigue at noon and in the afternoon. The most consistent effect was that older subjects appeared to suffer less from fatigue, particularly in the afternoon and just before retiring. Again, considering the predicted effects of a difference of 26 years, there was a difference of fatigue with age of 0.8 unit at noon, 1.1 units at 1600 h, and 1.4 units on retiring.
(4) Meals. There was some evidence that those who arrived later in the day had better appetites, and yet tended to feel overfull after a meal, but the effects were not seen consistently with regard to the meal or the day of study. No significant predictors for bowel activity were reliably found.
DISCUSSION
We consider first the results that did not support predictions based on the scientific literature, namely a lack of predictive power of the personality variables: chronotype, flexibility of habits, and languidness. This lack of power applied, in general, to all the dependent variables considered: sleep, jet lag, fatigue, meals, and bowel function.
The lack of effect of chronotype may be because 78 of the 85 subjects were intermediate type, with only one evening type and seven morning types. It is not possible therefore to compare the present results with studies 11 34 in which separate groups of morning and evening types were investigated. Nevertheless, the present results do indicate the lack of importance of moderate variations in chronotype scorewithin the range of scores encompassing the designation intermediate type-as predictors of the severity of jet lag and its symptoms. The finding that greater flexibility of sleeping habits was significantly associated with a decreased ease of getting to sleep and a decreased ease of staying asleep was unexpected. This effect of flexibility was significant only during the first nocturnal sleep in Australia, and this, coupled with the lack of effect of rigidity of sleeping habits, argues against these variables having an important predictive value in the present group of subjects. Flexibility, rigidity, and chronotype have been found to have predictive power in studies of a population working night shifts, 10 11 16 34 and this points to there being differences from the current study not only in the change of sleep-wake cycle but also in the type of subject studied. The difference in type of subject may well be because of the exceptionally high motivation of our group; all were determined to make as much use as possible of the time that they spent in Australia. All had specific objectives, whether these were training, coaching, or taking part in a scientific conference, and many had spontaneously expressed the view that jet lag and its associated symptoms were not going to cause them to deviate from these objectives. Such an attitude may also account for the finding that there were no consistent effects of the time zone transition on eating habits or bowel function.
Even so, there was some evidence that the present group of subjects, particularly the athletes, felt slightly thwarted in their aims, there being an increased perception of jet lag in the fitter subjects at the end of the first two days in Australia (compare with the study of Shiota et al 26 ). This finding of increased difficulties in our fitter subjects also differs from that found in the study of night workers, 24 25 where increasing the amount of physical activity had a positive effect on the workforce; it differs also from a previous study of Olympic athletes whose circadian rhythms after five time zone shifts westward differed from those of a sedentary control group. 35 With regard to the night workers who benefited from the increased amount of physical activity, they tended to be rather inactive physically before this intervention. Therefore increasing their activity would not have been comparable to the case of elite athletes, who were routinely far more active and who wished to continue with intensive training schedules. The present results indicate that the daily routine of a high workload in athletes with busy schedules would have rendered them far more prone to any negative effects of time zone travel. Furthermore, the method of self rating fitness used in this study 29 may lose sensitivity when applied across heterogeneous groups.
Men showed a slight tendency to go to bed later and, in the first days in Australia, to record less fatigue; to what extent these results reflect differences in the amount of "socialising" and the presentation of a "macho" image respectively cannot be ascertained.
In contrast with the variables discussed so far, which only rarely, if at all, acted as significant predictors, there were others that seemed more powerful in this respect. These included age, experience, and arrival time; they can form the basis of advice to travellers.
The older subjects showed less jet lag and fatigue, particularly in the middle of the day and just before retiring. This result argues against the hypothesis that younger subjects are more flexible in their sleeping habits and better able to deal with the effects of a time zone transition; instead, it argues for the idea that older subjects are better able to "pace themselves", a result that has been found previously. 17 18 In addition, however, as it was the athletes who tended to be the younger subjects in the present study, the finding may stress that any ill effects, which would tend to interfere with their training regimens, would be more noticed by them.
Those who had not travelled to Australia before showed slightly less jet lag and fatigue, and went to sleep later on the first three nights after arrival. One interpretation of this is that the undoubted excitement associated with a long distance journey to a continent on the other side of the world-tending to result in later nights and any negative symptoms of jet lag being ignored-begins to be tempered on subsequent trips.
Subjects who arrived in Australia in the late afternoon went to sleep later on the first two nights after arrival, and tended to report less jet lag and fatigue on the first two days in Australia. This was in spite of having taken less sleep on the plane, particularly during the first flight (table 2) . These results do not support the view that the amount of sleep taken during the journey is critical. Another difference between the two groups must be sought therefore. One possibility is as follows. On going to bed for their first night's sleep in Australia, those who had arrived in the late afternoon (and set off from the United Kingdom in the morning) had last taken a full sleep in a bed over 30 hours previously, and had managed about four hours sleep in total during the flights; by contrast, those who had arrived in Australia in the early morning (and had left the United Kingdom in the evening) had, by the time they went to sleep at night, not taken a full sleep in a bed for about 50 hours previously, even though they had managed about eight hours sleep in total on the flights. That is, the amount of sleep deprivation suffered by the morning arrivals in Australia was considerably greater, even taking into account the greater amount of sleep taken by them on the flights and the possibility that those leaving the United Kingdom in the morning (and arriving in Australia in the late afternoon) may have had to get up earlier than normal before their flight and so start the journey with some degree of sleep loss.
The present results indicate that the effects of such sleep deprivation, coupled with any sleep problems resulting from the change in local time, lasted for a couple of days. These results are difficult to compare with those from the scientific literature. In most other studies of sleep deprivation (see, for example, the study of Meney et al 36 ), sleep loss has not been coupled with a simultaneous time zone transition. In studies of sleep in aircrew in which a time zone transition was involved (for example, those of Gardner et al 37 and Lowden and Akerstedt 38 ), the times of sleep tended to be determined by work schedules and/or attempts to retain home time; even so, recovery from sleep loss takes more than one night. In studies of sleep loss during night work also, it is generally found that there is not an immediate recovery at the end of a series of night shifts, and that the first "recovery sleep" does not allow complete recuperation. 5 39 40 When the last few days of the study are considered, any effects observed are unlikely to have been a direct result of sleep loss during the flight, but may instead be related to the process of phase adjustment. With regard to this, it was found that those who adjusted by phase advance suffered more jet lag in the later part of the study (table 3) , particularly in the first part on the waking day. This may be explained as follows: on arrival in Australia, the minimum core temperature would have been about 1500 local time (equivalent to 0500 United Kingdom time). Adjustment by phase advance would have caused this temperature minimum to advance through the afternoon and then the morning; accepting that the temperature minimum is normally associated with most fatigue and least mental and physical activities, 41 42 then this adjustment by phase advance would have caused the observed symptoms. If, by contrast, adjustment had been by phase delay, then the temperature minimum would have passed from the afternoon to the evening, a time of relaxation. It seems less likely that this would have been recorded as an undesirable side effect of the time zone transition, that is, as jet lag.
The direction of adjustment of the body clock is believed to depend on exposure to light and darkness, 6 43 particularly during the flight and the first day or so in Australia. Adjusting to the new local time by a phase advance would have required an avoidance of bright light until about 1300, and seeking it from about 1500 onwards, on the first day, with the time of seeking light becoming progressively earlier on subsequent days. It is unclear whether subjects attempted to adopt such a routine; even if they had, it is doubtful whether their schedule in Australia would have allowed them to adhere to it strictly. Moreover, we did not record light exposure in our subjects; therefore any link between light exposure in Australia and the direction of adjustment of the body clock cannot be ascertained. However, it is clear that, with time zone transitions as large as the present one, phase adjustment either by a delay (of 14 hours) or an advance of 10 hours is possible. In both cases, active management of exposure to light is desirable, the choice of the preferred direction of adjustment being left to the travellers, depending on their commitments after arrival.
In summary, the results from this field study of jet lag and its symptoms focus attention away from personality variables and towards factors such as the organisation of the journey and the attitude of the travellers, particularly if they are highly motivated. This is a position that would hold for athletes and sports persons journeying to another continent for training or for an important competition or game. There would seem to be an advantage in trying to arrange for the flight times to be such that the amount of time spent before being able to take a full sleep in a bed at the new night time is made as short as possible. In addition, many of the results can be interpreted to indicate that adopting a busy schedule in the new time zone is advantageous, provided that it is understood that jet lag will result in the quality of performance being reduced temporarily. 5 8 There also appears to be, for an eastwards time zone transition of this magnitude, an argument against promoting adjustment of the body clock by phase advance (by suitably timing exposure to, and avoidance of, bright light), because such an adjustment means that the times of worst performance advance through the afternoon and morning in the new time zone, times when athletes would wish their performance to be as near its peak as possible. For travellers to adopt the alternative phase delay strategy would require that they be given detailed guidelines for timing of sleep and waking, and exposure to and avoidance of light.
